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CROSS SECTION FOR EIECTRON EXCTTATION OF THE 391k-A (0,0) BAMD
‘ ® T K FIRST NEGATIVE SYSIEM

\

I of 95 to 2023 eV,

by

A5 ML A ML T b 200 0 6L ZARALA 3048 4420 At 4 bt b 27k & 1 M

Redus ¥, Hollanmd

ABSTRACT

As part of a stuly of th» emission fram nitirogen excited by an elec-
_ tron beam, =ross sectioms for electron excitation of the 591‘&-‘1(0,0)

) band of the W first negative system were measured for electron emergies
Because published valuss for these cross sections dif-

fer by factara of two to three,27978 gn effort was mde to ostablish the

o ers fram two othor laborevories,

accuracy of ine measuremsnts, 3914.X band irtensity was memsured with
two independently calibrated photameters and & scemning spectrometer. A
comparison of equipment and joint cbservations were made with experimesnt.
The cross section cbtaiued for the

3914-2 band at 95 eV 18 1.5 x 10°¥ -, and that at 2023 eV 48 3,1 X

: _ 10"%2 oe?, Ry & simpls cslculation, one cen derive & corresponding ef-

ficiency of 4,3 % 10" for the proluction af the 3914-A bamd by electrons
in air, The excitatiou cross sections sare in reascmmble agreement with
othar recent uumnta,""'imt are highsr tbar same values reported
eariier,®Y The calculated efficiency is ic fair sgrcersnt with the re-
sults of laboretory efficiency measurementa,l®’3%

e

g INTRODUCTION
A procinent fesature of the emission spectrum of
air or nitrogen ionized by eloctroms 1s the 39141
{2.0) band of the K§ first negative system. The
probability of exciting this band by electrons is of
interest in the study of auroree and related atmos-
pheric phenamena and, in this Iaboretory, as part of
* the genersl problem of descriding the sxcitation of
air by photoelsctrons produced by thermml x reys
° fram nuclear explosions., The excitation probebili-
ty of the 391k baml e specific impartance, ac
vell, since cbservation of this band is the basis

£
§

of the los Alamos air fluorescence system for de-
tecting nucleer events,?

Elactron excitation cross sections for the
3914-1 band were firct determined by Stewart,® apd
stbeequent meesurements include those of Sheridan,
Olderbarg, and Carleton; Bcyskawva and Nishimure;*
Davidson and 0’Neil;® McConkey and Iatimer;® Srives-
tave and Mirza;7 and McConkey, Woolsey, and Burns,®

The observations af Sheridan, Olderterg, znmd
Carloton® covered a wide electron energy m.nge
(sbout 25 eV 0’ 28 kaV), Their resulta showed good
agreement with Stewart,? Myskava and Kishimms,*




ard Davidson and 0’Ne1l® in their comuon energy
mrges. The cross sections of McConkey and Iati-
mer,® however, were a factor of 2 tu 3 higher than
those of Stawvart® and Sheridan et al,,2 ir the same
energy renge.

Toe difference between the results a© McConkey
and Iatimer and those reporied earliecr has been the
subject of same discussion in the literature, Based
in part on the cross sections of McConkey and lati-
mer,® Dalgarno, Ilatimer, and McConkey® estimated an
elficiency of 4,0 X 10”3 for the production of
}9110-1 band ersrgy by energetic electroas in air,
in fair agrement with the efficiency of 3,3 x 1073
measured for T50.eV electrons by Martman and Hoer.
11n,300"

Cormenting on the note of Dulgarmuo et al,, Da-
vidson®® dirscted ettention to the good agreement of
the earlier cross-section measurements.® > He
pointed out that the data of McConkey and [atimer
were taken with an indirectly calibrated system,
whila the sarlier vorkers used standard lamp (photo-
metric) calfbrations,

McConkey, Wooloey, and Bir-.,® to check the va-
11dity of the tachrique used by McConkey ard Iati-
mey, oave peasured 3914k cross sectiore using a
stanierd lamp calibretion, They obtain cross sec-
tions in good agreement with those of McConkey and
Tatirsr, Support for the "high" valias is also
provided by the recent measurements of Srivastava
and Mirza,”

In this Inboratary, experiments have been in
progress to measure the vacuum ultraviolet emission
fram nitrogan excited by an electron beam, Concurs
rent with these meesurements, the intensity of light
emitted in the 3914-A vand vas measured, ani excita.
tion cross sections were determined for electrons
with energies of 95 to 2R3 eV, Initial valuss
agreed very closely with the results of McConkey
apd Iatimer.® Because of the interest in a precise
determimation of the 391k-A band cross sections, an
effort vas made to reduce the probability of error,
particularly that which might arise in the photo~
metric calibrations, Multiple dbservations were

*Martman}! has recently repeated this measurement,
cbtaining an efficiency of 3.4 x 1073,

mude with two photometers and & scanning spectrame-
ter, calibreated indepeniently for abso)uts sensi-
tivity. The propartiomality of light output to
beam current and nitrogen pregssure was checked for
same elactron energiss, The intensities of the l‘é
first negative (0,0}, (0,1), (0,2), and (0,3) banis
were caapered,

A cross check of pressure gauges and photomet-
ric standards was per®c.omed with R, 0/Neil of Amer
can Science and Engiieering (ASE) and N, P, Carleton
of the Smithsonian Astrophysical Cbservatary. Joint
cbservations with 0’Neil of the 39k.} cross section
wer: made at one electron energy, using our electron
bear source,

The experimental arrangements, calibration
techniques, amd results of these messurements are
descri. 4 below,

EXPERIMENTAL PROCEDURE

General

The experimental procedure vas streightforward,
A beam of electrons was directed acroas a chamber
through which nitrogen was flowirg, anxd collected on
the opposite side, Light emitted pugsed through a
Fyrex window, and itc intensity was mecsured with a
photameter or scanning spectrcmeter, Fram the ine
tensity of emission, beam current, and gas demsity,
crogs gections for electron excitation were deter-
minad,

Amtus

The [.n and collision chambers ard the 391k}
photameter are shovn in Fig, 1, as viewed fram the
top. The chamber 1s a 12.in, cube, Mitheson pre-
purified No gas, specification 99.996% pure, was
admitted through a needle valve at the top. The gas
inlet vas baffled by a l-in,-dism plate, 1/% 1in,
fran the opening, Pressure was regulated by the
inlet valve and & L-in,.diam exhaust valve at the
bottam of the chamber, The opening %o the exhaust
valve vec bafflad by a 10-in.-square plate, to aid
in producing & uniform gas density, Oun and colli-
sion chambers were each equipped with a 20 liter/sec
diffusicn pmp, trepped vith liquid nitrogen, Iow-
est pressure cbtained with no gas flowing in wes

s
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about 2 X 1077 Torr, During measurements the gas
flov rate vas of the arder of 0,03 Torr - liter/sec,
The pressure in the chamber was monitored with an
ionization gauge ard measured with a Mcleod gauge,
both with apertures at the top of the chamber,
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Fig. 1. Collision chuamber.

The electron beam wvas produced by a triode gun
and focused by an electrostatic lens, to pass
through a first aperture of 3/16-in, diam amd a
second of 1/8-1n, diam into the chamber, After
traversing the chamber, the beam pussed throwgh a
1/2-1n, hole in a grounied plate and through a 3/k-
in, hole into a collector cup, & in, deep, To aid
in collection of eisctroms, the collector cup vas
normally beld at 5 to 7 V posivive, and at the back
had a plate biased at + 45 V. The beam current waa
measured at the collectar apl at an auxiliary cup
which could be swung in front of the gun part.

Collision chamber, gun, «nd collection assem-
blies were made of nommagnetic materials, The local
magnetic £ield was 1uitialiy abowt 0,6 G, amd ap-
roximately perpeniicular to the beam, Two h-fit-
diam coils were placed with planes at right anglas

to each other intersecting on the beam axis, Ad.
Justing the current in these coils reduced the may.
netic £ields in the collision chanber to < 0,1 G,
80 that the beam traversed the chamber without no-

ticeadble Lending.,

The photameter collimator wvas & cylinirical
tube with tvo -ectangular apertures Gefining the
tieid of viewv, In the first collizatar used, the
front aperture vas 1/2 in, square, the beck 1/8 in,
squars, The two were 12 in, apart, Mounte! behind
the back aparture wac a 3914-1 interference filter
and an EMI 60978 photamultiplier, A second photome
eter used was very similar to the one described,

The spectrometer vas a half-meter Jarrell-Ash
Evert scanning monochramtor, with 600 £ /Am grating
blazed for 7500 A, An EMI 60978 photamultiplier was
mounted at the ~xit slit,

For both the spectrameter and photameter, tube
currents were measured with a Keithly 610 electram-
eter,

Observational Arrangements

The photometer was placed with its axis perpan.
dicular to the beam, and with two sides of eac)
aperture parallel to the beam, The rectangular cone
viewed Ly the photometer was about 1 in, wide at the
beam, The cone extended into & recess at the oppo-
site side of th2 chamber which was provided for
attachment of a vacuum ultraviolet spectrometer, hut
vhich wvas terminated by & black plate during cross-
section measvrements,

In the measurements mede with the Ebei. spece
trometer, the light emerging through the Pyrex wine
dow was focused on the entrance slit of the spec.
tromets r by a 6-In, spherical mirror with l-m radius
of curvature, Distance from beam to mirror wvas 78.5
in,, and that from mirror to spectrometer 26,5 in,
The angle between incident and reflected beam was
about .#, The image of the beam was perpendicular
to the e¢ntrance slit,

Photometer Calibrations

Two methods were 'med to calibrate photomuiti.
pliers for the 591‘4-1 photometer,

e
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In the first method,. the tube semsitivity wes
devermined Ly canparing ite response to monochromate
ic light vit! *“at of a thermopiie which had been
calibrated vith an N8S total irradiance standard.
The comparison was indirect, Light fram & Perkine
Elmer double mCcnochramator was pasaed through a
glass plate set at 45° to the axis ard focused on
the thermopile. The light diverted by the plate
struck a frosted glass window behind which was a
1P28 photamuitiplier. The retio of 1728 sigml to
pover measwured by the thermopile was determined.

The intensity was reduced, and the thermop_.e re-
placed by the tube to be calibrated. The sensitivi-
ty of the tube is the ratio of its current to the
Leam pover as determined from the 1P28 uignal., ‘e
sensitivity at 3914 } obtained with the tube used 2.
photoreter No, 1, EMI 60973 $23873, vas 1.31 x 10°
AM at 50V,

In the second methad, *‘he assembled photometer,
i.e., the photarultiplier srd “nterference filter
mounted in ihe collimator tube, was exposed to fil-
tered light ram an N8BS vpectral irradiance stand-
ard. The extermal filters were & reutral density
filter to reduce intensity, amd a Corning 5113 fil-
ter :.g block the red leak af the iuterfercnce fil-
ter,

From the output sigmsl, filter transmissior.
curves, and lamp characteristics, tne tube sensitiv-
ty at 3914 } was determired. For the %tube used in
yhotamater No, 2, IMI 60975 $16747, the semsitivity
at 3914 ! as determined by the first method was
420 AM, ant tiat determined by the secoad method,
390 AM, at 750 V. The mean, 405 AN, wac used in
data reduction,

To camplets the photometer calibration, the ef-
fective transmission of the interference filter for
the %914-} bend, 're ot VB8 calculated from the fil-
ter tranemission and & band contour calculated as-
suming & rotatioml temperature of 298’ K, The tvo
3914-A f1lters wsed vere nearly identical. Each has

*This measurerent vas performed by Wglter Qould of
this laboratory.

**During cross-section observations, a Corning 3369
f1lter vhich cuts off wavelengths below 4000 A was
used to check f‘or' a red contribution to the sig-
nal, None wmas cbserved,

s peak transmissjon of about O. at 3913 X, amd a
half-vidth of ~ 14 K, For each, T .. = 0.513.
Transmissions of all filters were measured vith a
Cary Model 14 spectrometer. The maximum divergence
of tle light fram the axis of the spectrameter beam

wvas estimated at 2,5°,

Spectrameter Calibraticn

For the calibration of tha Ebert spectrometer,
the ribuvon filamen* ~f a standard lamp was placed,
relative to the spectrometer and mirror, at the same
position occupied by the electron beam in the cross-
Entreance and exit slits vere
100 4 wide, and were mAsked to heights of ~2 and 4
The image of tle filacent filled
the entrance aperture.

scction measuremenis,

mm, respectively,
The current fram the photo-
multiplier tube was recorded vhile the spectrameter
was scanned fram 3000 to 12,000 L. The first emd

second orders appeared as two overlapping "huupe, "
peaking at ~ 5000 k in the first order amd ~ 4000 A
ir the tecond,
standard lampe.

Four runs were made, using tw~

For the first two scans, NBS brightness temper-
ature standard lamp No. G-27155a was operated at
brightness temperatures of 2200° and 260° K. The
spectral radiance for the two temperatures had been
calculated using the tungsten emissivity data <«
de Vos® and taking into account the quartz window
of the lar.p,

Two scans were nade with lamp No, U-11l, an NBS
spectral radiance standard, operated at 35,0 A
{~ 2260 K brightness), During one run, a Corning
338y filter wvas inserted to cut off light below
4200 A. A camparison of results obtained with and
without filter indicated that the contridbution to
the sigmal in the range 3730 to 4000 X from scat-
tered 1ight with wvavelength gre’ ter than 4090 } was
negligible. Also, in the second order above 3750 R,
the first-order contribution to the signal could be
neglected.

LN, S i i

The spectrameter sensitivity, expressed as the
ratio of photamultiplier sigmal i, (A) to the prod.
uct of lamp radiance R (W ™2 ster™® £°1) ard the
entrance slit height h (cm), ir shown in Fig. 2.
The two runs with lamp G-25i57: had & maximum spread
of 6% anl an aversge spread = 2%, Their mean is

oy e - P R s = =



the solid lims in the figure. The black Aots repre.
sent the values cbtained with lamp (=111, determined
at the NBS calibration poiitts,

Pressure Measuremsnt

Pressure in th: collision chambr.r wves meas ared
with & Ccmsolidated Vacuum Corporetion (M-110 Mcleod
gauge, trapped vith dry ice, Problems arising with
such a system have been reviewed by Carr,34

The conventional way of operating the gauge may
produce wrong pressure readings if the surface char.
ecteristics of the open and closed capillariea aro
different, In the method used, the open capillary
vas ignored, ard the level of the mercury in the
large, open side arm vas used for reference, Ths
capillary depression was measured at low preasure,
as & function of the mercury leve) in the closed
capillary, In each pressure mesaurement, the come
pression vas varied to rroduce seversl pressure
reedings, as in the method of Podgurski apd Davis,1S
The readings at each pressure wually agreed vithin
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Fig. . Spectral semsitivity of the Ebert monochro.
mator vith EMI 60978 photam.tiplier oper-
ated at 750 V, B1lit .4dths, 1004,

2 t~ 3%, for measurements in the rangs 0.05 to
3.0 Hg.

At the lower end of the range, appreciable
error can be caused by the diffusion of mercury from
gauge to cold trap.}* To reduce the vapor pressure
and wake tlis error negligible, the McIleod gauge was
operated at 0° C, This made pecessary a therwal
trenspiration correction of (298/273)1/2 = 1,045 to
tle metsured pressure.

Bean-Current Messurement

Ay the pressure (~ 0,54) of the energy-dependi.
ence measurem.nte, beam currents measurad at the er.
trence and exit collsctors agreec within 1 to 2% Zor
electron energy above 200 eV, The entrance collec-
tor current was normally sbout 6 to 5% higher for
200-eV amd 10 %o 12% higher for 100-eV elect.ons at
this preasure, This must, in part, rave been due to
acattaring out of the beas in the iong (30-cm) path,
At lov presgure, ~ 0,)3 M, the agreements at 100 eV
and 200 eV were ~ 5% an? ~ 3%, respactively, Since
the entrance and exit eollector currenis represent
the maximm and mini{smm mmber of electrons crossing
the dstect:r field of view, the mean of vhe two cure
rent readings alvays wvag used in the calculations,

Elsctron Energy

Tha electron energy ves assurad to be equal to
the sccelereting voltage, measured between the chame
ber and the gun filament lealds, A crule retsrding
potential anslysis made at low pressure, vwith 20
L/in screens over tie aperturea of the collector cup
and shielding plate, indicated energy spreeds of 3,
L, 5, amd 10 eV for sccelerating voltages of 95,
399, 704, end 1008 V, respectively, At the prea.
aures af the cross-sectios measurements, there is
scme electron ensrgy losa by collisions, The energy
losa 1is not expected to change the light output
significantly, The collisions may remove elecirons
from the field aof view, &3 indicated above,

OBSERVATIONS ARD RESULIS

Photameter Msasuremsnts

For the doservatlons .lth the plotomaters, the
cross section Q (ca®) fo -xciting the 391h-A banmd




is given by

1 b R2
Q = 9

DIEX AL ATV Tetf S)\

where
i @ photamultiplier anode cwi.cnt (A)
R = distance fran beam to back eperture (cm)
I = beam -xrent (A)
N = N, number density (cm™3)
E, = energy of the photons a 3,17 eV

AL = length of beam "seen” by s point op the
back aperture (cm)

A = ares of the back apsrture {wms)
T = Pyrex window trensmission = 0,

T = effective transmission of the interference
filter for the 3914-1 beml = 0,313

¢ ® tube censitivity near 3914 R (AW)
Data ;rﬂ crosg sectinns sre presented belw fo ene-
ergy~dependence measurements with two photameters,
For observations with photometer No, 1,
R =510 cm
NePp (@ Hg x 3,22 x 1033
AL @ 2,13 om
A = 0,1008 cof

S, ® 1.3 x 10° A/ st 3914 R (60375 $23873 at
0 V)

Q (m‘)-ﬁ,—% X 3,35 x 10°12

Results are shown in Table I,

Teble I. Energy Dependence of 391b4.k Croes
Sections with Protameter No, 1

Electron Nitrogen Bean Tve Croes
Energy Pressure Current Current Sections

(ev) P(u Hg) _I(mA) ‘(107°A) (10" 7er?)

95 0.44 0,075 0.124 1,48
196 [RYY 0.215 0.325 1.36
507, 0.44 0.605 0,60 0.89
907} 0,L44 1.056 0,68 0.57

180 0,44 1.65 0,63 0.34

Using paotameter No. 1, the 3914k 11ght output
fram 90 .eV electrons was ohserved while pressure
was held at 0,14 4 Hg and the gms flov rate wvas var-
iud by first fully opening the exheust valwe, then
closirg j¢ until the O-ringe .cuched the sealing
surface, The excitation croes section did not
chengr., At electron etergies of 197 and 907 eV, ami

8

pressure - 0,5 . Hg, the collector cup bias wvas var-
1ed from 5 to 22 eV, No change in 391k-h light
output was observed,

For observations with photometer No, 2,

Res 1.8 cm

NeP (4 Hg) x 3.22 x 10%°

A = 2,56 cm

A = 0495 cx®

S, = hos MW (6O9TS $16747 at 750 vy

Q [cmP)m T‘T%’%\)@' x 4,30 x 10732

Re 1ults are shown in Table II,

Table II. Energy Dependencc of 3914k C-oes
Sections with Photameter No., 2

Electron Nitrogen Beanm Tube Crnes
Energy Pressure Curre:it Current Secfions .
(ev) P(u Fg) _I{ma) 1(107%%) g(10 17 o)

95 0.4k 0.058 0.091 1.53
196 0.4l 0.170 0.227 1.30
399 0.k 0,38 0.377 0.98
501, 0.52 0,80 0.81 0.64
ool Q, 0,43 0,226 0.75
907 0,Lk 1.0 C.57 0.55

1211 0. bk . 2,94 0,45
1516 0.4k 2,0 0,30 0.39
1820 0,44 2,50 0.8 0.33
2023 0,44 3.02 0.97 9,31

With photometer No, 2, pressure dependence was
observed at electron energies of 196, 501, 907, snd
1820 eV, Light output was proporticnmal to N» pres-
sure over the rsnge 0,1 to 1.0 Hg.

Spectrareter Messurements

Wi*h beam current and pressure held constart,
the sigmal from the photamultiplier tube at the exit
8lit was recorded, while the spectrameter scanned
s.ross the 3914-k ba.3. Though the rotatiomal 1lines
were not resc.ved, the bsnd contours sppeared "nor-
ml,” i,e,, sbout as expected fur thermal equilibri-
um near roan temperature. The 58810-}\ (1,1) first
negative band is resolved, and appesrs to be ~ 5%
of the 2914k bead intersity, Ite contribution to
the photomet~r signels must be less than 1%,

The photamultiplier sigral, integrated over
wavelength acroes the band, csn be related to the

]
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excitation cross section by the equation
i bnJ R b, e W we
IN EA Tv 1." Ry Hn Hx

vhere I, N, BA’ and T, bave the same significance as
above, anl vhere

J= spactrcnxtar sigml integrated over the
baxd (A-A)

g-} = spectrometer sensitivity, as chown in
a F’su ?o
Ry = distance, bean to mirror = 78,5 em
Rp = distance, mirrar to slit = 26,5 e

W WO = entrance aml exit slit vidths in the cali-
bration = 100 4

W, W = slit widtks in the cbservation = 1004 ar
o’ X 200

Results of the spectrameter chservations for the
3914-1 band are shown in Tble ITI, For these cb-
servations

l:‘ = 3.17 eV,
Wn, W, = 200 u,
aml

17‘

-h——R = 2.& X 10'2 (391“ l, second mr)o
n

The cross section
J (A-D)

X 5,52 x 10712 (cnf?),
I (A) T ()

Table ITI, Energy Deperlence af the 3914-A Bamd
Cross Sections with Scanaing Spectrometer

Electron Nitrogen Beanm Integrated Croas
Energy Presswre Current 8

xgl Sectioms
_(ev) PR _x(ma) (07T A-big(107” o)

95 0,43 0,070 1,28 1,50
196 0,50 0.21 3.T2 1.25
501 0.43 0.55 5.8 0.86
907 0.43 1,36 9,06 0.54

180 C.50 2,55 11,50 0,32
2023 0,43 2,19 T.9 0.30

With th: ecanning spectrometer, the dependence
on besm cuwrrent of the integral over the 391i-A bem
wag cbserved for 907-eV electron emergy #md 0,56«
pressure, The band intensity was proportiomsl to

current . m 0,02« to 2,0-mA beam current,

At the same energy (907 eV) and pressure
(0.56 ), the cross sections for other v’ w 0 X
tirst negative bands were determined. They are:

(0,10 »278 1 1.8 x 10738 af,
(c.2) k709 & 4,1 x 10 39 e,
(0,3) 5220 & 7.0 x 10°2° e?, i

Summry enl Camments

The pressure anml current depemience indicate no
apmeciable contribution fram secondary yrrocesses,
There is no indication in the spectral cbservetions
of a contribvtion at 3914 X due to fectures other
than the (0,0) banmd, The relative emission probabi-
1ities of the (0,0), (0,1), (0,2), am (0,3) bandr,
measured rimarily as & check on the spectrometer
calibration, were 1,00, 0,33, 0,075, amd 0,013, in
agreement with valwes of ,00, 0,35, 0,08, amd 0,01
derived from the data af Willace apd Nicholls,®

The electron /> '1tation cr:oss-section data for
the 391k} bamd of the N",f first negative system are
collacted and averaged in Teble 1V,

Table IV, 3914-A Band Electron Excitation
Cross Sectioms (10737 c®)

Electron
Energy Photaneters
‘e!! Ko, 1 Mo, 2 Spectrameter Average
95 1.k8 1,53 1,50 1.50
196 1,35 1.30 1.25 1,30
299 0.98 0.98
501 0, 0,8 0.86 0,86
602 0.75 0.75
907 6.5, 0.55 0.5k 0.55
»n 0.45 0,L5
1516 0.39 0.39
1&0 0.3+ 0,33 0.32 0.33
2023 0,31 0.30 V.31

It is vorth mentioning that fnitial values, vhich
received limited circulation in & prelimimary re-
port, were about 15% higher than those presented
here, The difference vas evilently due partly to a
poor photometric calibration in the initiml measure.
ments, but ~ 5% contribution was dus to light scat-
tered fram the slit body of an .traviolet spectrom-
eter,
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fhe agreement among the three sets of values
in Table IV i8 better *’an that of all mmbers co=-
tained. Maximum "scatter" in measurements (includ-
ing pressure amd current dependence) with all in.
struments was about = 10% of the average values
shown, The absolute accuracy estimated for the
reasurement of 3914-i band intensity is x 6%, The
same accuracy is claimed for the pressure measure-
rment, The beam current is thought to be accurately
measured to within = 2% for electron energies abowe
200 eV, = L% near 200 eV, and = 6% near 100 eV, A
conservative estimate for the maximum uncertainty is
thus & 20% below 200 eV and * 15% above 200 eV,

Comparison with Other Experiments

The ratio of the No tota -ionization cross sec-
tions to the 591&-1 cross 8~ .ions is of sane inter-
est, This ratio is thought to be constant over a
wide energy renge. Other croes-sectior measurements
indicate nea:ly constant ratios within various enere
gy intervals ranging from 50 eV to 20 kev,5’779:12
thngh the actual magnitud~ of the ratios depends on
which set of ionization and excitation cross sec-
tione are used.

In Teble V, the ratios of No ionization croes
sections of Tate and Smith!” (1S), Rapp and England-
er-Golden® (.E), and Schram, de Heer, vmn der Wiel,
and Kistemakerl® (SH/K) to the 391k-k cross sections
fram Teble IV are shown, The excitation and ione
ization crces sections are in constant proportion
within about t 5% over the range 100 to 2000 eV,
Provided the proportionality externds to higher ener.
gy, ome can cumpare the excitation croes sections in
Table IV with others obtainnd at higher energy by
corparing their magnitudes relative to the ionize-

tion crous sections,

Ratios such as those in Table V are sametimes
used, with the average electron energy loss per ni-
trogen ion (gep:rally taken as 35 eV) to calculate
efficiencies for the production of 3914 & photons
when energetic electrons "run down" in nitrogen or
air (see, for example, Refs. 9 and 12), Making the
ususl assumptions, values obtained for the 3911&-}\
efficiency in air based on averages in Table V are,
respeciively, 3,8 x 1072 (), 4,2 x 1072 (), and

10

Table V, %10 of Np Total Ionization Crogss Sections
to 391k.is Excitation Cross Sections
Ratio

Energy
Lev) w7 e SHIK2S

95 19,2 16,7

196 19.7 17.6

399 18,6 16.9

501 18,1 16,9

6 18,3 17.2 15.3

907 17.8 15.5
1211 15.1
1516 14,6
180 15.2
2023 14,8
Averages 18,6 17.2 15,0

4,8 x 1073 /SHWK), The mean #s 4,3 X 10”3 which may
be compared with the value 3.4 1073 measured by
Hartman and Foerlinl® at this laboratory smd recent-
1y confirmed by Hartmen.2l One may note also that
a moet procable 39lh-f\ fluorescence efficiency of 1%
was derived by Bennett®® and Hoerlin®} from observa-
tions of the emission produced by x rays from high
altitude nuclear explosions,

- calculation for the efficiency derived
from laboratory dsta uses measured values of ion-
ization efi'iciency and ionization cross sections,
as well as the 591‘4-3 cxclitation cross sections,

It is based on
the assumption that the ratio of the number of
nitrogen ions to ithe number of 391h-.. photons pro-
duced is independant of the energy of exciting
tthile
orne must therefore not give too much weight to the

all of which have some uncertainty.

electrons over the important energy range.

calculated efficiency, it is in fair arreement
with the efficiency measur2d in the laboratory,
With some reservation, this may be taken as a con-
firmation that in the laboretory efficiency exper-
iment each excitation of the parent state of the
3914-A band 18 produced hy a single collision of an
electron with No in the ground state, ‘/ith similar
reservation, one may conclude that the efficiency
in the high altit ‘e explosions is higher due to ex.
citation by other processes, This is presumably
becausa such a large air mmss is excited by the
explosion and beceuse 8o much energy is deposited
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¥ig. 3. Coamparison of 591&-}\ excitation cross sections with those reported by others (Refs. 2.4, 6.8),

80 rapidly that other processes are more impurtant
than in the laboratary experiment.

The 591&-}\ croas sections are compared with re.
sults of other cross-section meesurements in Pig. 3.
The agreement with Srivestave and Mirza? is good;
the difference is less than 15% ir the cammor. energy
range. The agreement with McConkey anl latimer® is
very good in the nsrrov rengs of overlap, The later
vork of McConkey, Woolsey, anl Burmd® is also ir
good agreement with ours, The difference between the
present results ard those of Stevart;? Sheridan,
Olderberg, amd Carleton;® amd HaysXawe apd Nishimure
is comsiderable, Our values are greater by ratios
of 1,5 to 3,

Published cross sections of Davidson aml O’ Neil®
are in agreement with Sheridan et al.,® and, by in-
ference, also in disagreement wita the values in
Table IV. Results of s recent measurement by O’RNeil
and Car.eton will be discussed briefly in the npext
section,

088 cks

After owr iniilal measuremsnts, the disagres.

ment with the eerly work was discussed with Dr,

K. P, Carieton of the Smithsonian Astrophysicel Ob- .
servatory, vho participated in on™ of the eerlier
experiments.® It wes partly because of his sugges-
tions that sdditiomal photameter calibretions were
performad and spectrometer measurements vere made,
He also suggested that we compare equipment in the
hope of resolving the differeuce in our results,

Mr, R, 0’Neil of American Science and Engineering
expressed interest in an exchange for similar res-
sons, After the measurements descrived abowe, joint
cross-check measurcments with 0’Neil end Carlston
were undertaken.,

carleton anl O’Neil ascertained thet their re-
diometry stanfards were in agreement, and compared
pressure gauges., O'MNefil visited IASL bringing
farleton’s Pirani gauge, an NBS-calibreted pyrom.
eter used at ASE, sane small stanlard apertures,
am & photamitiplier and 391k-1 interference filter
to comstruct a phetaneter, We cooperated in the
fol.owing ‘neasurements,
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The Pirani gauge was calibrated with our Mcleod
ouge at 3,19 and 1,394 Hg. The two previous cali-
brations aof the gavge in Massachusetts had indicated
pressures 4% and 10% higher (0’Neil) and 13% end 19%
higher (Carleton), respectively, than the Mcleod
FAUER .

The pyramter was checked against our bright-
ness temperature standard lamp G-25155a (the lamp
used in the spectrometer calibration). For read-
irgs in the range 2100 to 240C° K, the pyrometer con-
sisteutly imdicated temperatures 10° to 15° higher
thin those derived fram the lamp calibration, core
responding to 8 to 12% higher radiance at 3914 X,

In O’Neil’s photometer calibration method, the
3914h photometer looks at a small aperture of known
area, behirmd which 1s the ribbon filament of a tung-
sten lamp, The filament temperature is measured by
the pyrometer, and the radiant flux at the photame
eter is calculated. From the photometer sigmal and
the filter transmission, the sereitivity for the
3914-A band is determined, A similar calibration
was performed for photameter No, 1 and 0’Neil’s
photameter, except that the lamp temperature was de-
termined by setting the current. The calibration
wvas based primarily on measurements at 2200° K
(brightness). The sensitivity of the tube in pho-
tometer No, 1 was 1,37 x 10 AM at 3914 4, n zood
agreement with the value of 1,31 X 10° A/W obtained
by another method.

The two photumeters were used to meke a 391&-L
cross=section measurement at 907-eV electron energy,
amd 1,39 u pressure (determined by setting an ioni-
zation gauge at the reading recorded during the Pi-
rani gauge calibration), Results with the ASE pho-
taneter and photameter No. 1 were, respectively, L.6
X 10°%8 @ amd 4,9 ¢ 1078 oo, using the calfvra.
tions Just obtained, Using the ariginal calibration
of photameter No. 1, the cross section would be 5,1
% 10°28 o, The IASL average value at 907 eV is
5.5 X 10718 o,

Apparently, if the Pirani gauge with the ASE
calibration had been used to measwre pressure, and
the pyraneter had been used to measure temperature
in tne photometer calibration, the ASE photameter
would have indicated about the game cro.s section f
4,6 x 10°%® c®; thus, the difference in cress sec-

12

tions should indicate the net difference introduced
by radiometry and pressure-gauge celibrations at
IASL and ASE, no mare than 10 to 15%, The pressure-
gauge calibration might explain a difterence of 20%
between our results and those of Carleton,

0’Neil ard Carletnn® have recently made obser-
vations on the 391k-i emission produced by 8- and
50~ keV electrons.
sary to reach firm conclusivns; however, these pre-

ther observations are neces-

limimary measurements indicate cross sections appre-
ciably higher than those cbtained in the older me&s-
urements with the same electron cnergies,>’2 and

more nearly consistent with cross sections measured

here at lover energies.
CONCLUS IO

The IASL meesurements, together with those of
Srivastava and Mirza,”7 McConkey et al.,®’® ami the
cbservations of )’Neil and Carleton,?? provide cone
siderable evidence that the 391k-} electron excita-
tion cross sections are higher than the values ob-
tained in the earlier experirents.Z S The reproduci-
bility of results obtained here under a variety of
comditions, and using different photametric tech-
niques, allows same confidence that thke cross sec-
tions presented are correct within the quoted accu-

racy.
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